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INVESTIGATIONS OF 9333DAMPING IN ROLL OF SWEPT AND

TAPER131WINGS AT SUPERSONIC SPEEDS

By Russell W. McDearmon and Harry S. Heinke, Jr.

SUMMARY .

Experimental dsmpkg-in-roll derivatives have been obtained for a
series of 33 swept and tapered wings. The wing plan forms were selected
so that a range of leading-edge Wsitions ahead of end behind the Much
cone was obtained at three “kch nuribers,1.62, 1.93, and 2.41.

The damping in roll appeared to be predicted quite accurately by
the linear theory when the wing leading edges were well shead of the
kch cones emanating from the wing apsxes. When the leading edges were
in the vlcini~ of or behind the hkh cones, the experimental damping
in roll was considerably less than that-predicted by theory. Poorer
‘agreementwith theory was obtained for the wings having a taper ratio

b of 0.25 with leading edges behind or in the vicfnity of the I&ch cone
than for the wings having a taper ratio of O with the same leading-edge
positions relative to the Mach cone.

“

A minor investigation was made of the effects of thickness on the
dsmping in roll. It was found that the damping in roll of the thin
wings agreed more closely with theoiy than that of the thicker wings of
identical plan forms. The difference in the dsmping in roll for the
wings of different thicknesses but identical plan forms was greater when
the leading edges were behind the l&ch cone than when the leading edges
were ahead of the &ch cone.

INTRODUCTION

An important factor in stability &d control calculations for air.- - -----
craft and missiles is the aero-c resistance to roll, or da~ing in
roll. The dsmping In roll is generally expressed in terms of the non-
dimensional parsmeter Cz , which is the rate of change ‘ofrolling-

‘P
with ehsnge of~ng-t$p helix angb, pb/2V.moment coefficient .Cz. .
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The linear theory of supersonic flow has provided damping-in-roll
predictions for a large class of wi~.plan forms (see refs. 1 to 5).
However, the exper~ntal information presently available on the rolling
characteristics of wings at supersonic speeds is rather limited. The”
d~ing in roll of a group of rectangular and triangular wings at super-
sonic speeds was investigated in the Iangley g-inch supersonic tunnel
(ref. 6). Fl?ee-flightinvestigationsutilizing rockti-propelled test
vehicles have been made of the damping in.roll of several wings, including
a triangular-wing configuration geometrically similar .toone of those used
in reference 6 (see ref. 7). Numerous other free-flight tests utilizing
rocket-propelled vehicles have been made of the rolling characteristics
of various wing-body and wing-body-tail combinations, including those
reported in references 8, 9, and 10.

The purpose of the present investigationwas to supply experimen&-l -
values of Cl for a series of 33 swept and tapered wings and to coxu-...

pare them wit: theoretical predictions. For 31 of the wings the leadfig-
and trailing-edge sweep angles and taper ratios were varied systematically,

._A.

—
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and the thiclmess was held constant. Also two thinner wings were con-
structed to study thickness effects on CZ The plan forms selected

P: —.

gave data through the leading-edge-sweep-anglerange such that the
leading edge passed from behind to ahead of the l.kchcone emanating from
the wing apexes. The taper ratios were O and 0.25. -

All wings were mounted on a small cylindrical sting and were tested
at Mach numbers of

the tests was from
aerodynamic chor-d.

1.62, 1.93, and 2.41.- The Reynolds number range of_

0.52 x 106 to 2.37 x 1061 based on the wing rne~ -—.-
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b wing spsm

s total wing area

—
. ..-—

A aspect ratio, b2/S

‘r wing root chord (calcuhted from measured wing dimensions)

Ct wing tip chord
—

.

L wing taper ratio, ct/cr

A angle of sweep of wing leading edge, positive for sweepback

~“- .
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angle of sweep of wing trailing edge, positive for sweepback

free-stream

@=l

pb/2V

L

cl

c~
P

Mach angle,

Mach number

M

angular rolling velocity

free-stream dynamic pressure

Reynolds nuniberbased on mean aerodynamic chord of wing

maximumving thickness

free-stream velocity

helix angle generated by wing tip in roll

rolling moment

rolling-moment coefficient, L/qS%

dsmping-in-roll derivative, &z/a g

.

.

APPARATUS “

Wind Tunnel

All tests were conducted in the Langley g-inch supersonic tunnel,
which is a continuous-operation closed-circuit type in which the stresm
pressure, temperature, and humidity conditions can he controlled and
regulated. Different test Mach numbers are provided by interchangeable
nozzle blocks which form test sections approximately 9 inches square.
Throughout the present tests, the moisture content in the tunnel was
kept sufficiently low so that the effects of condensation in the super-
sonic nozzle were negligible.

Models, Support, and RolMng-Mxnent Balance
.

The-pertinent wing characteristics are presented in table I. All
but two of the wings were constructed of 3/16-inch-thick, SAE 4130 steel
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sheet. The remaining two (wings 1O-A and 27-A), used’to study thickness
effects on CZP, were 1/8 inch thick and of the mane material. The-.

edged of the entire group _were---beveleda“t~-.~gle of–,50in a direction
parallel to the wing-root chord. All stifaces”were g~ound and-polished
to insure a smooth finish.

.
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The wings were mounted on a small cylindrical sting by means of a ,
tang inserted in a groove in the sting, and were see@-ed by “lockscrews” _. “
and-pins. The gap at the wing-sting juncture was filled in with.plaster. .-..

Photographs,of the damping-in-roQ test apparat~ are presen~d in
figure 1. The sting on which the wings were mou.nte.dwas connected to EL.
shaft rotated by h air-driven impeller. Strain gages were so located.
on the shaft as to be sensitive only to a rolling mo~nt applied by a
wing. In operatton this rolling moment was measured on a strain indi-
cator unit which was wired to the rolling-moment stra.fngages by means
of slip rings and brushes. With minor exceptions, @is unit was the ~
same as the standard Baldwin Southwark SR-4 strain indicator unit.

The rolling velocity was measured with.a Stroboconn frequency indi-
cator which was modified to indicate revolutions”perminute by means of”
a generator attached to the rear of the shaft. ..

.- . . .... . .-
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TEST PROCEDURE __ .=. -.—

—

The models were rolled by means of a Jet of compressed air directed
against.the impeller blades. The desired values of rolling velocity A-—-
were obtained by varying the mass flow of.the compressed air through a -
manual gate valve; The corresponding rolling moment-s:.were..indic.ated.o”n

.-<-.

the strain-gage indicating unit. -...
.—,..<

-- —.. --- -

The rolling-moment installationwas calibrated statically before.
and at interva~ ,duringthe testing to determine any possible changes ‘ .. .>
in the strain-gage constant. ...— -. ,.-

.- .-

During a test of a given wing, the.qmomt..of.air.emausting from...
the impeller into the tunnel exceeded the a@otit of a& leaving through
the bleed valve which vented the tunnel stagnation chamber to the atmos-
phere. The result was a tempera.yyincrease in the tuimel stagnation

.-

pressure (and dynamic pressure and Reynolds number). This occurred most
noticeably for wings with large dsmping, since a greabr mass flow-of::.
air through the ,impeller.wqsrequired. In all cases the pressure-was
allowed to settle out to a constant value before data were taken. -

- .-.: -
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The precision of the data

PRECISION

@s been determined by estimating the
accuracies of the measured quantities and evaluating their effects on
the coefficient CZ and the parameter pb/2V. Over the range of

moments encountered in the tests, the maximum error in the strain-gage-
balance calibration factor was ~1.1 percent. The resulting error in Cz

was *1.1 percent. Error in the measurement of the pertinent wing Migles
gave an uncertainty in wing area such that an error of about *0.5 per-
cent was present in the values of c~. Measurements of the rolling

velocity were in error by *5 rpm in the test range and contributed a
maximum error in pb/2V of ti.h percent. The surveyed variation of
each of the free-stream Mach nunhers is about *0.01.

RESULTS AND DISCUSSION

The variations of rolling-moment coefficient with wing-tip helix
angle for the 33 wings tested
the accuracy of the data, the

the three Mach numbers varied
parameter Czp was therefore

dieted by linesr theory..

sre presented in figures 2 to 6. Within
values of. Cz for most of the wings at

linearly with the rolling velocity. The
independent of rolling velocity, as pre- ‘

For several of the slender wings having highly sweptback leading
. and trailing edges, the variations of cl with pb/2V were nonlinesr

(e.g., figs.2(b), 3(a), 3(e), 3(f), 3(g), =@ 3(i)). These nonl-ine-
srities probably represent the net contributions to c~ of +hiCkness

effects, separation of the flow near tie tips, and aeroel.asticeffects.
Since the variations of Cz with pb/2V were nonlinear for some of the
wings, all slopes were estimated for that portion of the curve through
a value of pb/2V of 0.02.

The collected values of CZP are plotted in figures 7 to 12 in a

manner suggested by the linesr theory for wings in steady roll. The
abscissa is the quantity ~ cot A, which describes the position of the
leading edges relstive to the Mach cone from the wing apex. For values
of ~ cot A greater than 1, the leading edge lies ahead of the Mach
cone (supersonic leading edge); for values less than 1, the leading edge ““
lies behind the Mach cone (subsonic leading edge). Plotted as-the ordi-
nate is the qusntity ~Cz . For all.except the triangular wings the

L
values of f3CZp for wing: having the same taper ratio and tested at

Mach”nuuibersgiving a “conmonvalue of PA are presented on the same
.

----hr.
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plot. For the triangular wings the values of ~C2p at all three Mach

numbers are presented on one plot.
...

!llaefigure plotted in this manner
allows the theoretical values for isolated wings to be represented by
a single curve independent of Mach number. The theoretical predictions
of pczp were obtained from references 1, 2, and 4, according to the

geometric properties of the various wings. ,“

For wings 1 to 28 (figs. 7 to U), the damping in.roll agreed
quite closely with theoretical predictions for @ cot A > 1.5. For
~ cot A <1.5, the agreement of %e damping in roll with theory becamt-
progressively less as ~ cot A decreased. For each value of 13A,the
poorest agreement with theory was found at the lowest value of @ cot A
obtained. The agreement was poorer for the wings having a taper ratio
of 0.25 than for the wings having a taper ratio of O; evidence of this ‘.
is contained in the following table:

Approximate Experimental pC2p
::~yc:ly Wing Taper Mach

value of PA ratio no. Theoretical. ~CZ
P

2.35 0.46 0 1.62 0.804
: .25 1.62 .563

3.00 .47 2 0 1.62 .642
10 .25 1.62 .382

4.00 .61 2 0 1.93 .555
10 .25 1.93 ● 439

5.00 .80 2 0 2.41 .519
10 .25 2.41 .403

6.80 1.02 4 0 2.41 .585
13 .25 2.41 .482

.

4
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By referring to table I, it may be observed hat the two wings compared_ . ,.
at each value of PA had the same leading-edge-sweepMgles and the ‘“-= “--:
same aspect ratios. Thus, the principal difference in the two was the
difference in the areas of the tip regions. tie poorer .agreementwith
theory for the wings having a taper ratio of 0.25 was probably due to
separation of the flow at the tips and thickness effects. Separation
would cause a smaller pressure differential between the upper and lower
surfaces than that predicted by theory; this, acting on a larger tip
area, would cause a greater loss in lift at $he tip of me wing having
a taper ratio of 0.25 than at the tip of the wing having a taper ratio

.,-..

d“”-

... . .
.

—
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of o. Thus, greater losses in rolling moment and reduced values of
Pczp would result for the wings having a taper ratio of 0.25.

..

For the triangular wings (fig. 12), the experi~ntal dsmping in
roll varied from slightly above theory when the leading edges were
considerably ahead of the Mach cone to approximately 25 percent below
theory when the leading edges were subsonic or in the vicinity of the
Mach cone. The results are in fair agreement with the results for
triangular wings obtained in references 6 and 7, although in the present
investigation the damping in rolifor triangular wings with supersonic
leading edges was higher than that obtained in references 6 and 7, for
~ cot A>l.30. This difference was probably due to the fact that in
references 6 and 7 the wings were mounted on a much larger body of revo-
lution than the mounting sting used in the present tests. As 13cot A

decreased to low values (p cot A < 0.90), the results of the present
tests and those of references 6 and 7 showed a tendency toward closer
agreement with theory.

!l?heoreticaldythe variation of ~C7p with P cot A may be repre-

sented by a single curve independent of Mach number, for swept, tapered
wings with comnon values of PA and k. (For triangular wings a common
value of PA is not required.) l@erimentalJy, a somewhat different
curve resulted for each Mkch number. (See figs. 8 to 10 and 12.) In
general, this occurred to a greater extent when the leading edges were
subsonic than when the leading edges were supersonic.

The experimental damping in roll of the two l/8-inch-thickwings
(wings 1O-A and 27-A) was different from that of the 3/16-inch-thick

. wings of very nearly identical plan forms (wings 10 and 27). The dif-
ference was more -pronouncedfor the subsonic-leading-edgewings
(wings 10 and 1O-A) than for the highly supersonic-leading-edgewings -
(wings 27 and 27-A). For all ttiee Mach numbers (and values of PA),
the damping in roll of the thin subsonic-leading-edgewings was higher
than that of the corresponding thicker wings - approximately 20 percent
higher at M = 2.41 (PA* 5.00, fig. 10), 30 percent higher at M = 1.93
(PA * 4.00, fig. 9), and 70 percent higher at M = 1.62 (PA* 3.00,
fig. 8). That is, the values of j3Czp for thin wings were more nearly

in agreement with those predicted by theory. This would be expected,
since the wings were assumed to have zero thiclmess in the theoretical—
calculations.

Wind-tunnel tests
of the dsmping-in-roll
wings.

CONCLUDING REMARKS

were made at Mach numbers of 1.62, 1.93, and 2.41
derivatives of a series of’33 swept and tapered .

~,----
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The damping in roll appeared to be predicted quite accurately by
the linear theory when the wing leading edges were we&l ahead of the
Mach cones emanating-from the wing apexes. When the.leading edges .were
in the.vicinity of or behind the hkch cones, the experimental demping
in roll was considerably less than that predicted by theory. Poorer
agreement with theory was obtained for the wings having a taper ratio .
of 0.25 with leading edges behind or in the vicinity of the Wch cone
than for the wings having a taper ratio of O with the same leading-edge

“ positionsre.ative_.to.t~ Wch cone. ..-.

9-.

P
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.+It was found that the damping in roll of the thin.wings agreed

more closely with theory than that of the thicker wings of identical
plan fo~. The difference in the damping in roll for the wings of
different thicknesses but identical plan forms was greater when the -
leading edges were behind the.lfachcone than’when the leading edges
were ahead of the Mach cone.
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5.06
5.07

izzi

km
5*12
5.u?

M

&10
Mu
4,28

L19
5.u
5.23
5*U
5.19
672
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7.07
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4.01
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4.02
5.12
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6.63

4J3
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5.28
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L@4
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L32
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z
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Strobocom qeneratoi”ii.

(a)

Ttnvml-side+all mcunting plates

Completely assembled.

A!d!!!l

(b) Half of

Figure l.- Photographs

s :.

A.
balance windshield removed.

~
L-77911

of the dsurping-in-rolltest apparatus.



NACA RM L53A13

—

.

.010
Mach lines

.006

/ / ,

, /
/

LX
/ ~

Symbol M Rx IO-6 &mtA

o 1.62 1,28 to 144 0 .46
.002 /=4 — — — - ‘“

•1 1.93 1.13to 121 o .60.

/ A 12.41 0.90 tao,94 o .80

.
u (a) Wing [.

.010
.-

;OCB A-~/,j/////\\-\\\\\,//0
/,/,/ ~ ‘\\ \

006
,.

I
//

\ ‘\

r7
/ \

5
n’ A

Symbol M Rx 10-6 /3cotA

o 1.620.99 to 1.26 0.47,
.002 ❑ I .93 0.89 toO.82 061

A ,12.4.10.70toQ72 0.80

[ 1-

0 .01 .02 .03 .04 .05 .06 ..07 .08 .05
$

(b) Wing 2.

.,*_
-. .+

--
. .

.

-.
—

.

.

-.

Figure 2.- Variation of rolling-momentcoefficient @th wing-tip helix “
angle for wings with sweptback leading and trailing edges, X = O.
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